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Summary
Objective: To systematically describe changes in pain and functioning in patients with osteoarthritis (OA) awaiting total joint replacement
(TJR), and to assess determinants of this change.
Methods: MEDLINE, EMBASE, CINAHL and Cochrane Database were searched through June 2008. The reference lists of eligible publi-
cations were reviewed. Studies that monitored pain and functioning in patients with hip or knee OA during the waiting list for TJR were an-
alyzed. Data were collected with a pre-speciﬁed collection tool. Methodological quality was assessed and a best-evidence analysis was
performed to summarize results.
Results: Fifteen studies, of which two were of high quality, were included and involved 788 hip and 858 knee patients (mean age 59e72 and
main wait 42e399 days). There was strong evidence that pain (in hip and knee OA) and self-reported functioning (in hip OA) do not deteriorate
during a <180 days wait. Conﬂicting evidence was established for the change on self-reported functioning in patients with knee OA waiting
<180 days. Moreover, strong evidence was found for an association between the female gender and intensiﬁed pain.
Conclusion: Patients with OA do not experience deterioration in pain or self-reported functional status whilst waiting <180 days for TJR.
Changes over a longer waiting period are unclear. To strengthen and complement the present evidence, further high-quality studies are
needed, in which preferably also performance-based measures are used.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Annually, over three-quarter of a million surgical total hip
replacements (THR) and total knee replacements (TKR)
are executed in the United States. Due to aging of the pop-
ulation and current Western lifestyle patterns1,2 this num-
ber is expected to grow substantially over the next two
decades3. Patients with osteoarthritis (OA) scheduled for
an elective major total joint replacement (TJR) already en-
dured a lasting period of gradual functional decline4,5.
Since preoperative functioning is the strongest determinant
of postoperative pain and functioning6e8, it is important to
understand whether prolonged wait times are associated
with deterioration in the preoperative status. The latter is
in accordance with the recommendations of Lane9 and
Wylde et al.10 who emphasize the need for a better under-
standing of the epidemiology and progression of OA to*Address correspondence and reprint requests to: Thomas J.
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1420facilitate identiﬁcation of high-risk patients who might ben-
eﬁt from interventions to (1) alter the course of the dis-
ease9 or (2) minimize the risk of having a poor outcome
in arthroplastic surgery10. So far, the evidence on the nat-
ural course of pain and functional status in patients sched-
uled for arthroplastic surgery is not thoroughly
summarized. In 2005 Noseworthy et al. reviewed the rela-
tionship between waiting time and the change in health
status in patients with OA11. They concluded that there is
some evidence indicating that functional status deterio-
rates in patients waiting more than 6 months for joint re-
placement surgery. This conclusion, however was based
upon four studies with very diverse quality. Therefore, the
objectives of this systematic review of the literature were
(1) to describe the change of pain and functional status
in patients with OA awaiting THR or TKR, and (2) to as-
sess determinants of this change.
MethodsIDENTIFICATION OF STUDIESInitially the online databases MEDLINE, EMBASE, CINAHL and the
Cochrane Database of Systematic Reviews (through June 2008) were
1421Osteoarthritis and Cartilage Vol. 17, No. 11searched. With the Boolean terms ‘AND’ and ‘OR’ we combined the following
three groups of key words and MeSH-terms: (1) ‘‘Joint Replacement’’, ‘‘Joint
Arthroplasty’’, ‘‘Arthroplasty, Replacement’’, ‘‘Hip Replacement’’, ‘‘Arthro-
plasty, Replacement, Hip’’, ‘‘Total Hip’’, ‘‘Hip Arthroplasty’’, ‘‘Knee Replace-
ment’’, ‘‘Arthroplasty, Replacement, Knee’’, ‘‘Total Knee’’, ‘‘Knee
Arthroplasty’’, or ‘‘End-stage Osteoarthritis’’, (2) ‘‘Wait*’’, ‘‘Queu*’’, ‘‘Preoper-
ative’’, ‘‘Preoperative Care’’, ‘‘Preadmission’’, or ‘‘Presurgery’’, and (3)
‘‘Function*’’ or ‘‘Pain’’ or ‘‘Discomfort’’. Furthermore to retrieve any relevant
articles that the search string may have missed, the ﬁrst author hand
searched the references of all relevant articles and checked the work of
the ﬁrst and last authors of all eligible articles.
By using the pre-speciﬁed eligibility criteria, two researchers (TH and CE)
screened all electronic citations to select reports for full-text review. Then, TH
and GS assessed each full-text article for inclusion. The team reviewed all
undecided cases in plenary sessions. Reasons for exclusion of ineligible
studies are recorded in the ﬂow diagram (Fig. 1)12.SELECTION CRITERIAStudies were eligible for inclusion in the review if: (1) the data were pro-
spective in nature (i.e., descriptive, cohort, randomized trials, and random-
ized intervention trials with no intervention in the control group13); (2)
changes in pain or functioning (activities and participation, described in
this study as functional status) were monitored during the waiting list period
before elective THR or TKR (at least two preoperative measuring time points
are needed to assess change); (3) the study population consisted of at least
80% of the patients with OA; and (4) the study provided point estimates and
measures of variability. We deﬁned the waiting list period as the time be-
tween the date of the decision to treat surgically and the actual date of sur-
gery14. Studies in languages other than Dutch or English were excluded.Fig. 1. QUOROM ﬂow chart showing the number of studiASSESSMENT OF METHODOLOGICAL QUALITYA checklist, developed by Tooth et al. for the assessment of methodolog-
ical quality of studies, was used to rate the included studies15. This checklist
consists of 33 criteria, covering the study rationale, population, recruitment,
measurement, biases, data analysis, and generalizability of the results. All
33 criteria were scored on a dichotomous scale (‘Yes’ or ‘No’). Each article
was independently rated with the aforementioned checklist by two authors
(TH and GS). The interrater reliability was examined with Cohen’s Kappa.
Disagreements were resolved by a consensus meeting.DATA COLLECTIONStudy characteristics extracted from eligible papers were as follows: au-
thors, year of publication, study design, setting, methods of data collection,
inclusion and exclusion criteria, sample size, description of measurements,
waiting list period, outcome measures, prognostic factors and conclusions.
These data were extracted using a pre-speciﬁed extraction form.DATA ANALYSISData analysis methodology was adopted from the recommendations of
van Dijk et al.5 who studied the prognosis of early-stage OA. They favored
one outcome measure for functional status, so if a study reported multiple
measures for functional status, performance measures were preferred above
self-reported measures. And if performance measures were not applied, the
results of the disease-speciﬁc, validated self-rated measures were reported.
When more than one pain measure was used, the visual analog scale (VAS)
scores were reported.es screened and included in the systematic review.
1422 T. J. Hoogeboom et al.: Waiting for TJRThe intervention trials of which the control group data were used, did not
report statistical analyses on changes within the control group. Therefore,
improvement or worsening of functional status and pain was determined
to be present if (1) >60% of the patients reported such outcome on a dichot-
omous scale; (2) the difference between improved patients and patients
whose functioning deteriorated, measured on an ordinal scale, was
10%; or (3) the difference between baseline and follow-up pain or func-
tional status on a continuous scale was 10%. For the studies that did re-
port proper statistical analyses, we used results presented by the authors.
Moreover, to estimate the relative magnitude of change measured by differ-
ent instruments, we calculated, when possible, effect sizes (ES) [difference
between the inclusion and preoperative score divided by the standard devi-
ation (SD) of inclusion scores]. ES of 0.2, 0.5, and 0.8 are regarded as in-
dicating small, medium, and large degrees of change, respectively16. A
negative ES represents deterioration, while a positive ES represents
improvement.
The data were examined and found to be inappropriate for meta-analysis,
as the included studies were considered heterogeneous with regard to study
quality, analytic methods, design, covariates measured, outcome measures,
and the length of waiting times. Therefore we performed a qualitative data
analysis (best-evidence synthesis) in which solely high-quality (>80%) stud-
ies were reviewed17. Levels of evidence were based on two earlier reviews
of progress of hip and knee OA5,18 (Table I). Moreover, we differentiated be-
tween short (<180 days) and long (180 days) mean or median wait times.
To examine the robustness of our results from our synthesis, two sensitiv-
ity analyses were performed: (1) by repeating the qualitative data analysis
with 60% as a cut-off point for high methodological quality instead of 80%,
and (2) by exclusively including adequately powered studies. Studies were
considered adequately powered if the sample size was at least 110 patients;
as 110 patients (allowing 10% attrition) would provide 80% power (assuming
two-sided 5% signiﬁcance) in patients waiting for THR to detect a clinically
relevant difference (10%) in the Western Ontario McMasters Universities
OA index (WOMAC) total score19.ResultsSEARCHThe bibliographic search retrieved 3426 articles, of which
17 articles e reporting on 15 studies e fulﬁlled all inclusion
criteria20e36 (Fig. 1). Because two eligible articles appeared
identical, only published under a different title in a different
journal 1 year apart21,30, we excluded the latter from the
analysis21. Moreover, McHugh et al. published two eligible
articles20,27, with different objectives, from the same set of
data. We included the study for which objectives best
matched our inclusion criteria27. Two studies, missed by
the bibliographic search, were found through hand search-
ing the references37,38, neither of these articles met the
inclusion criteria. This left 15 eligible studies22e36.STUDY CHARACTERISTICSOf the 15 studies included, there were nine descriptive
studies22e30 and six Randomized Clinical Trials (RCTs)31e36;
for RCTs with an intervention other than waiting, data wereTable I
Levels of evidence that were applied in the best-evidence synthesis
Level of evidence
Strong evidence Generally consistent ﬁndings in multiple
high-quality cohort studies
Moderate evidence Generally consistent ﬁndings in one
high-quality cohort study and 2 high-quality
caseecontrol studies, or in 3 high-quality
caseecontrol studies
Limited evidence (Generally consistent) ﬁndings in a
single high-quality cohort study, or in
2 high-quality caseecontrol studies
Conﬂicting
evidence
Conﬂicting ﬁndings in high-quality studies
(i.e., <75% of the studies reported
consistent ﬁndings)
No evidence No high-quality studies could be foundextracted from the control group, deﬁned as the group receiv-
ing no intervention.
Ten studies assessed patients with end-stage hip
OA23e29,32,34,35 and nine studies assessed patients with
end-stage knee OA22,25e27,30e33,35. The 15 articles together
involved 1646 patients (mean age varied from 59 to 72 years
with a range of 27e89), of which 788 and 858 patients
waited for a new hip or knee, respectively. The mean waiting
period varied from 42 to 399 days (range 8e2486) (Table II).
None of the nine non-randomized studies assessed the
patients’ health status with performance measures.QUALITY APPRAISALThe two reviewers scored 495 quality criteria and agreed
on 408 (82%), leading to an interrater reliability of 0.64 as-
sessed with Cohen’s Kappa; disagreements were particu-
larly found in the randomized trials. After one meeting, full
consensus was reached.
Overall, quality was diverse (Table III). Quality scores of
the studies ranged from 10 to 28/33 on the Tooth checklist15.
Two trials fulﬁlled more than 80% of the quality items25,26,
eight trials scored above 60%25e29,31e33, and the remaining
seven trials scored 60% or less22e24,30,34e36. Four trials
about hip OA were sufﬁciently powered24e26,29; for knee
OA two studies were able to refute the null-hypothesis26,31.END-STAGE HIP OAEffects of a short-term waiting period on functional
status and pain
Two studies that described changes in pain and func-
tional status during the waiting list period for THR were
high quality25,26. Kapstad et al.25 reported on the course
of functional status and pain over a (median) period of 71
(range 21e362) days in 120 patients with a mean age
(SD) of 67.4 (9.9) years. Kelly et al.26 reported over an av-
erage period of 132 days in 135 patients with a mean age
(range) of 68.1 (27e89) years. Both studies described
changes in the pain and function scales of the WOMAC-
questionnaire while waiting. No statistically signiﬁcant
changes were found in pain or functional status, providing
strong evidence that pain and self-rated functional status
do not deteriorate in patients with end-stage OA waiting
for THR. The studies both report that a proportion of the
population did experience clinically relevant decline (de-
ﬁned as at least 10% worsening) in functional status
(17%e35%) and pain (25%e27%) during the waiting list pe-
riod. However, equivalent numbers are found of people that
report improvement in pain (19%e26%) and functioning
(14%e39%).Effects of a long-term waiting period on functional
status and pain
No high-quality studies examined the effect of mean long
waiting times (180 days) on pain or functioning.END-STAGE KNEE OAEffects of a short-term waiting period on functional
status and pain
Two studies that examined changes in pain and functional
status during the waiting list period in patients with end-stage
Table II
Overview of the characteristics of the included studies
Study In- or exclusion
criteria
Design Data
collection
Setting/country Factors checked
for association
Patients Wait time Conclusion of the authors
(main outcome measure)
N \% Ag
Ahmad22
(003e004)
In: none stated Desc Interview One hospital (UK) WT, baseline scores k:58 51.7 68.7 (4 86) 242
(100e428)
FS in the majority of patients
continues to deteriorate
(Oxford knee score)
Beaupre33
(date unknown)
In: >40 and <75 years,
OA, on TKR WL
RCT* Assessment Seven surgeons
(Canada)
e k:66 50 67 (6) 42 (0) NA (WOMAC, VAS)
Berge36
(date unknown)
In: OA, on THR WL RCT* Interview Unclear (UK) e h:21 79 71 (6.1 120e180 NA (NPRS, 4-min walk)
Chakravarty23
(000e003)
In: on THR WL Desc Survey
(postal)
One surgeon,
one hospital (UK)
MHHS scores, age h:94 e e 225
(13e2486)
15% and 34% of the patients
improve on pain and FS, others
decline (MHHS)
Fielden24
(099e002)
In: 20 years, OA,
on THR WL.
Ex: contra-lateral arthritis,
hip dysplasia
Desc Survey
(postal)
Four hospitals
(New Zealand)
e h:122 65 66 (35 ) 153
(30e510)
Longer WT incur greater
economic costs and decline
in PF (WOMAC)
Hirvonen31
(002e003)
In: >16 years, on
TKR WL.
Ex: RA, fractures,
hemophilia
and deformity
RCT Survey
(postal)
Three hospitals
(Finland)
e k:127 70.1 66 (9.3 73
(8e600)
Longer WT does not result in
worse health related QoL (15D)
k:183 67.8 69 (9.0 266
(28e818)
Kapstad25
(003e004)
In: >18 years,
on TKR or
THR WL
Desc Postal
survey
Six hospitals in
three counties
(Norway)
DG, SE, WT, baseline
WOMAC scores
h:120 70 67.4 (9 71
(31e362)
No change in pain (hip, knee)
or PF (hip), decline in PF
(knee) (WOMAC)k: 50 80 69.2 (9 102
(33e322)
Kelly26
(095e097)
In: on TKR or
THR WL.
Ex: revisions, surgery
within 1 month
Desc Interview
(home visit)
24 surgeons
at two acute
care facilities
(Canada)
DG, SE, BMI, WT,
CM, baseline scores,
medication
h:135 59 68.1 (2 89) 131.5 No change in pain and
dysfunction (WOMAC,
Short Form-36)
k:178 59 68.1 (2 89) 131.5
McGregor34
(date unknown)
In: on primary
THR WL.
Ex: No bilateral
THR, CM, or RA
RCT* Assessment One hospital (UK) e h:20 e 72.8 (1 ) 408 (453) NA (WOMAC, VAS)
McHugh7
(003, 3 months)
In: >18 years,
OA, on TKR or
THR WL
Desc Interview
(at home)
one orthopedic
center (UK)
e k:57 59 68 (60 ) 90 (0) Pain and PF deteriorated after
3 months on the WL (WOMAC)h:48 59 68 (60 ) 180 (0)
Nilsdotter28
(097e098)
In: OA, on
THR WL.
Ex: contra-lateral
THR in 1 year,
recurrent
dislocations
Desc Assessment One hospital
(Sweden)
e h:33 e 72 (52 ) 153
(120e300)
General health and pain
improve, possibly due to
regression to the mean
(WOMAC, Short Form-36)
h:23 e 72 (52 ) 60
(30e90)
Ostendorf29
(099e000)
In: >18 years, on
THR WL.
Ex: RA, contra-lateral
THR.
Desc Postal
survey
Three hospitals
(The Netherlands)
DG, SE, WT, CM,
previous
surgery, walking ability
h:143 65.8 68.4 (9 180 (108) Deterioration in pain and PF
(WOMAC, Short Form-36,
Oxford hip score)
Pace30
(000e003)
In: >18 years, OA.
Ex: RA, other
cause for knee pain
Desc Assessment One hospital (UK) e k:96 56 69 (49 ) 399
(273e660)
No deterioration in pain and PF
(Oxford knee score, American
knee society score)
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Table III
Methodological quality score of each included study
Studies
(author)
MQ items
fulﬁlled (%)
Sufﬁciently powered
(n 110)
Hip Knee
Kapstad et al.,25 28 (85) O e
Kelly et al.,26 27 (82) O O
Rooks et al.,32 25 (76) e e
Hirvonen et al.,31 24 (73) e O
McHugh et al.,27 24 (73) e e
Ostendorf et al.,29 22 (67) O e
Nilsdotter et al.,28 21 (64) e e
Beaupre et al.,33 21 (64) e e
Fielden et al.,24 18 (55) O e
Berge et al.,36 17 (52) e e
Pace et al.,30 14 (42) e e
Ahmad and Konduru,22 14 (42) e e
Weidenhielm et al.,35 13 (39) e e
McGregor et al.,34 11 (33) e e
Chakravarty et al.,23 10 (30) e e
Abbreviation: MQ¼methodological quality.
1424 T. J. Hoogeboom et al.: Waiting for TJROAwere high quality25,26. One study investigated the course
of pain and functional status in 178 patients with a mean age
(range) of 68.1 (27e89) years over an average period of 132
days26. The other study reported results on the course of pain
and functional status in 50 patients with an average (range)
age of 68.7 (47e86) years over a median waiting period of
102 (33e322) days25.
Ambiguous results are reported on self-rated functional
status. Kapstad et al. showed a small (ES¼0.20) but sig-
niﬁcant deterioration25, while Kelly et al. reported no differ-
ence26 in self-rated functioning measured with the
WOMAC, resulting in conﬂicting evidence. Results on
pain, on the other hand, are similar, providing strong evi-
dence that pain does not alter signiﬁcantly while waiting
for surgery. And, although, both authors25,26 reported a clin-
ically relevant decline (deﬁned as at least 10% worsening)
in a proportion of patients in pain (22%e25%) and self-rated
functioning (20%e31%), a similar proportion of patients im-
proved in pain (22%e30%) and functioning (10%e37%)
while waiting for surgery.
Effects of a long-term waiting period on functional
status and pain
No high-quality studies examined the effect of long wait-
ing times (180 days) on pain or functioning.PROGNOSTIC FACTORSThe aforementioned high-quality trials also assessed the
effect of prognostic variables on the change in pain and
functional status. Kapstad et al.25, using a multiple linear re-
gression analysis, distinguished between hip (N¼ 119) and
knee (N¼ 50) OA, while Kelly et al.26 reported results of
a logistic regression analysis in a combined sample of hip
and knee OA (N¼ 313). All investigated prognostic factors
are shown in Table IV.
Both studies found that women waiting for knee or hip re-
placement are at risk for intensiﬁed pain, therefore providing
strong evidence. Moreover, strong evidence was found that
wait time and age are not associated with the change in
health status25,26. The studies report conﬂicting evidence
concerning the association of the baseline WOMAC pain
Table IV
Prognostic factors of change in self-reported functional status and pain in patients with hip or knee OA waiting less than 6 months
Protective factors Risk factors No association Unclear
Change in self-reported function
NE NE SE: wait time; age; marital status; female gender CE: WOMAC baseline scores
pain and functionLE: BMI; comorbidities; previous arthroplasty;
education; working status; medication; social
function; vitality; role emotional; mental health
Change in pain
NE SE: female
gender
SE: wait time; age; marital status CE: WOMAC baseline scores pain
and functionLE: BMI; comorbidities; previous arthroplasty; education;
working status; medication; social function; vitality;
role emotional; mental health
CE¼ conﬂicting evidence, LE¼ limited evidence, NE¼ no evidence, SE¼ strong evidence.
1425Osteoarthritis and Cartilage Vol. 17, No. 11and function scores on the change in these WOMAC-
scales.SENSITIVITY ANALYSESMethodological quality >60%
Decreasing the ‘high-quality’ cut-off score from 80% to
60% yielded six additional studies27e29,31e33. Five studies
investigated patients with end-stage knee OA25e27,31,33
and ﬁve studies investigated patients with hip OA25e28,32.
For hip OA, this analysis complemented our results the ef-
fect of long waiting times, as it provided strong evidence
that patients deteriorate on pain (Table V). The sensitivity
analyses provided conﬂicting results on the association be-
tween length of the waiting list and deterioration in pain and
functioning, resulting in conﬂicting evidence.
For knee OA, this analysis showed strong evidence sup-
porting our ﬁnding that a short waiting period does not affect
pain intensity, while it augmented our results on the effect of
a long waiting list with limited evidence that pain might in-
tensify (Table VI). Results on self-reported functional status
all resulted in conﬂicting evidence. Our conclusions on the
prognostic variables remained unaltered.
Sufficiently powered studies
When including sufﬁciently powered studies, ﬁve studies
met the criteria24e26,29,31. For hip OA24e26,29, strong evi-
dence showed no change in self-reported functional status,
which strongly supports our previous ﬁndings. Moreover,
we found limited evidence that self-reported functional sta-
tus and pain deteriorate while waiting a long period (180
days) (Table V). Ostendorf et al.29 reported that the length
of waiting time was a signiﬁcant predictor for deterioration
in scores, which is in disagreement with our earlier ﬁndings;
resulting in conﬂicting evidence.Table V
Results of the best-evidence synthesis and the sensitivity analyses on
E
Short waiting time (<180 days)
Pain FS
MQ> 80% No change (SE)25,26 No change (SE)25,2
M> 60% ?? (CE)25e28,32 ?? (CE)25e28,32
N 110 ?? (CE)24e26 No change (SE)24eFor knee OA26,31, no change was found in pain or self-
reported physical function regardless of the duration of
the waiting list (Table VI). Prognostic factors for future
pain and functional status in knee OA remained un-
changed, however the level of evidence decreased to
moderate.
Discussion
The results of this review indicate that whilst waiting
a moderate time (<6 months) for joint replacement there
is strong evidence that pain (hip and knee OA) and self-re-
ported functional status (hip OA) do not change. There is
conﬂicting evidence for change in self-rated functioning in
patients with knee OA. Indeﬁnite results are reported toward
long waiting times (6 months), though pain might increase
in people with hip OA. With regard to predictors of future
pain or functional status, female gender was found to be
the only predictor for intensiﬁed pain.
To our knowledge we are the ﬁrst to systematically review
and to utilize a best-evidence synthesis on the literature de-
scribing the natural course of pain and functional status
while waiting for elective major joint replacement. One other
review, found in the gray literature, also reported on the
matter11. They based their results on fewer included studies
and did not perform a qualitative data analysis. They con-
cluded that there is some evidence indicating that deteriora-
tion in functional health status occurs in patients waiting
more than 6 months for joint replacement surgery. This con-
clusion is partially corroborated by the results of our review
since the moderate quality studies, as included in the sen-
sitivity analyses, reported mainly deterioration or conﬂicting
evidence.
Implications of our review for current practice are twofold.
First, according to the results of our review there is no need
to prioritize patients for surgery, when (1) the waiting list isstudies describing functional status and pain in end-stage hip OA
nd-stage hip OA
Long waiting time (180 days)
Pain FS
6 No evidence () No evidence ()
Deterioration (SE)27,29 ?? (CE)27,29
26 Deterioration (LE)29 Deterioration (LE)29
Table VI
Results of the best-evidence synthesis and the sensitivity analysis on studies describing functional status and pain in end-stage knee OA
End-stage knee OA
Short waiting time (<180 days) Long waiting time (180 days)
Pain FS Pain FS
MQ> 80% No change (SE)25,26 ?? (CE)25,26 No evidence (e) No evidence (e)
MQ> 60% No change (SE)25e27,33 ?? (CE)25e27,31,33 Deterioration (LE)27 ?? (CE)27,31
N 110 No change (SE)26,31 No change (SE)26,31 No change (LE)31 No change (LE)31
1426 T. J. Hoogeboom et al.: Waiting for TJRless than six months and (2) the reason for prioritization is to
avoid further deterioration in pain or experienced function-
ing. However, one can think of legion other reasons for pri-
oritizing patients. For example, to reduce the burden of
living with severe levels of pain or to treat those patients un-
able to function independently due to the pain and disability
associated with hip or knee OA. Second, this review illus-
trates the lack of data on possible modiﬁable determinants
of postoperative functional status [e.g., self-efﬁcacy, (pain)
coping strategies, fatigue, anxiety, physical activity and
functional performance]. Preoperative care, such as exer-
cise and education could be of value to prepare patients be-
fore surgery to optimize the outcomes of surgery. However,
reviews on preoperative care before joint replacement39e41
have not reported any clinically important effects. We be-
lieve that insight in the natural course of a disease is crucial
in the development of proper, patient-speciﬁc, therapeuti-
cally relevant treatment programs. The studies included in
this review mainly focused on the inﬂuence of demographic
and socioeconomic data. We infer that this is a hiatus in the
current evidence. More insight into these determinants
would allow clinicians to identify the patients at risk for func-
tional decline, and consequently provide appropriate care to
optimize the outcome of surgery and rehabilitation after
surgery.
We believe there might be an under-estimation of the
number of patients who experience deterioration whilst
waiting for major joint replacement. Both high-quality stud-
ies25,26 mentioned a subgroup experiencing deterioration;
however an equally sized subgroup also experienced im-
provements over time. The notion is based on several indi-
cators. First, the inﬂuence of ceiling effect in this respect
has not yet been discussed. Patients with a very high base-
line score are less likely to deteriorate on a questionnaire
with a ceiling effect. Second, it is likely that the physicians
in the different studies prioritized the patients of which
they believed could deteriorate. This could also explain
why the duration of the waiting list is not associated with fu-
ture pain or functional status. Finally, regression toward the
mean42 is often reported in the included studies to explain
the improved pain and functioning in a subgroup of patients.
However, none of the studies we included speciﬁcally
tested their data for this kind of bias. To summarize, it is
possible that the group of patients at risk for deterioration
during the waiting list period is more signiﬁcant than the re-
sults of this systematic review imply.
Drawing robust conclusions was hampered due to the
pervasive use of self-reported measures in the included
studies. We found, in agreement with Ethgen et al.43, that
current research lacks the use of physical performance
measures and seems to favor self-reported measures.
Two major issues could arise when one’s health status is in-
vestigated just with self-reported measures. First of all,
a growing body of literature indicates that self-reportmeasures of function provide different information than
physical performance measures44e47; likely explained by
the inﬂuence of pain on self-reported functioning48. There-
fore, we believe that clinically relevant deterioration before
surgery in a patient’s actual functional status or exercise ca-
pacity could contribute to the clinical decision-making of
surgeons or physiotherapists. Secondly, results can easily
been confounded by use of self-rated measures. Kapstad
et al. mentioned this phenomenon, known as response
shift, as a possible explanation for their results25. Response
shift can bias ﬁndings because of changes over time re-
garding internal standards, values, or conceptualization of
health related quality of life49. This may result in an under-
estimation of the measured effects. In conclusion, the re-
sults of this review must be interpreted with care, as the re-
sults derived on two of the studies25,26 which only utilized
self-rated measures.
A limitation of the review was our strict eligibility criteria.
This led to the exclusion of two prospective trials50,51. The
study of Mahon et al.50 was excluded since they only re-
ported their waiting list data in histograms over the period
from GP referral to surgery. The study of Hirvonen et al.51
was excluded since they did not differentiate between hip
and knee OA. To assess the implications of the exclusion
of these studies on our results, we included both studies
in our sensitivity analyses (data not shown). The inclusion
of these studies did not affect the results of the sensitivity
analyses.
The results of our review have some implications for fu-
ture research. First, we believe, future studies should also
include performance-based measures44e48 to properly in-
vestigate the progression of hip or knee OA during time
spent on the waiting list. However, this recommendation
automatically emphasizes the need for more high-quality
studies that assess the measurement properties of perfor-
mance-based methods in patients with hip or knee OA and
the need for consensus on what activities should be in-
cluded in a performance-based test, as well as the speciﬁc
aspects of function should be measured46. Second, these
studies should investigate the role of confounders (e.g.,
response shift bias) meticulously. And ﬁnally, studies
should investigate more determinants of change in func-
tional status (e.g., self-efﬁcacy), as current research
mainly focused on the inﬂuence of demographic and so-
cioeconomic data.
In conclusion, there is strong evidence that pain (hip and
knee) and perceived functional status (hip) do not deterio-
rate in patients waiting for major joint replacement during
a period less than 6 months. Conﬂicting evidence was
found for the change in self-reported functional status while
waiting less than 6 months for TKR. However, our conclu-
sions have limited robustness given the small number of
high-quality studies performed in this ﬁeld and the inconsis-
tent results of the sensitivity analyses.
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